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THE ACANTHACEOUS PLANTS OF TAIWAN > 


Chang-Fu Hsieh < 5) and Tsfng-Chien Huang'* 


Abu tract: In the present paper, 34 species of acanthaceous plants 
belonging to 20 genera are discussed. Information on their general 
morphology, vegetative and floral anatomy, palynology, and geogra¬ 
phical distribution is presented. Much of this data was subjected to a 
taxometric analysis based upon the graph theory. The results serve 
as a guide to determine the phenetic relationships among the genera. 


INTRODUCTION 

The Acanthaccac is a clearly definable and natural family. It has been placed, 
almost without exception, in the order Tubiflorae (Engler, 1895; Lawrence, 1955; 
Rendle, 1956), or Personales (Hutchison, 1959; Cronquist. 1968) in association with 
the Bignoniaccae, Pedaliaceae, Scrophulariaceae and Gesneriaceae from which the 
Acanthaceae arc distinguished by a number of characters, notably the existence of 
cystoliths in their vegetative parts, the development of floral bracts and bracteoles, 
generally elastically dehiscing bivalvate capsules, and usually by the hardened reti- 
nacula supporting the seeds. 

The history of our knowledge of the Acanthaceae in Taiwan was not initiated 
until 1861-66 when Robert Swinhoe, an English botanist, made his first visit to For¬ 
mosa and published a list of plants. The acanthaceous species collected by him at 
Tansui was identified as Ebcrmaiera concinnula which is now considered to be a 
synonym of Staurogyne concinnula. 

Between the years 1861-89, Richard Oldham, William Gregory, William Hancock, 
Charles Ford and George Playfair made visits to different parts of Formosa. Their 
collections including Codonacnnthus pauciflotus, Ebcrmaiera concinnula, llygrophila 
salicifolia, I/ypoestes cumingiana, //. purpurea, Justicia gendarussa, J. procumbens, and 
Lepidagathis hyalina and these were listed in "Enumeration of all the plants known 
from China proper, Formosa, Hainan, Corea, the Luchu Archipelago, and the Islands 
of Hongkong, together with their distribution and synonymys” by Forbes and Hems- 
ley in 1889. 

Later in 1892-95, A. Henry made collections in the vicinity of Kaohsiung and 
Hcngchun and published “A List of Plants from Formosa” including 1288 species 
among which 20 species were attributed to the Acanthaceae. 

In 1906, 12 years after the domination of the Japanese over the island, Matsu- 
mura and Hayata published their important work "Enumeration Plantarum Formo- 
sanarum" in which 14 species recognized by Henry were adopted and two new 
records, namely, Strobilanthcs flaccidifolius and Rungia parvi/lora var. pcctinata were 
enumerated, In 1911, Hayata published his "Materials for a Flora of Taiwan", three 
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more species wore named, being Dicliptcra longiflora, l^pidagathis fnrmosensis, and 
L. stenophylla. 

Then, in the following 10 years, Havata subsequently described Strobilanthes 
Jlcxiamlis in Volume V, and Dicliptcra uraiensis. Ilgrophila pogonocalyx, Strobilanthes 
lasiocalyx, S. longespicatus, S. prionophyllns, and S. rankanensis in Volume IX of his 
“leones Plantaruni Formosanarum”. 

In 1926, Yamamoto made a contribution to the study of Justicia which resulted 
in the recognition of one species and five varieties being J. hayatai and J. hayatai 
car. ciliata, J. hayatai var. dcnnnbens, J. procnmbctis car. rinkiuensis, J. procumbcns 
var. hirsute . J. procumbcns var. lincarifolia respectively. 

Thus, in his "List of plants of Formosa" compiled in 1928 by S. Sasaki, a total 
of 26 species and five varieties were listed, but the species Strobilanthes rankanensis 
was omitted. 

In 1932 and 1933, Hosokawa described Kudoacanthus albonerrosa from Taitung 
District and recorded Justicia quadrijaria from Tailuko (Taroko) Gorge, and LcPida- 
gathis sccunda from Is. Hsiaoliuchiu. 

Later, in 1931, after remaining for about six months in the New York Botanical 
Garden, Yamamoto made an investigation of many important collections of botanical 
materials from Eastern Asia, especially Henry’s collections from Formosa. These 
eventually threw light on Henry’s undeterminated acanthaceous species which were 
identified as Dlcchum pyramidal urn, Ilemiadelphis polysperma, Strobilanthes ridleyi, 
and S. pluriformis. 

In 1914, a monographical study was undertaken by Bremckamp with reference 
to Eastern Asiatic species of the Strobilanthinae, two new genera were created, in¬ 
cluding Daphicacanthus and Parachampioncllu. 

In 1954, Masamune’s “A List of Vascular Plants of Taiwan" included 33 species 
and five varieties of the Acanthaceac with a cancellation of Justicia simplex which 
was first recorded by Henry. 

T. Yamazaki in his publication "Notes on Justicia in Taiwan" (1965) and "Supple¬ 
ment of the Flora of Ryukyu and Formosa" (1968) made several changes in the 
genus Justicia and described a new species Rungia taiwanensis which had been mis¬ 
taken for R. parvijlira var. pcctinata by Matsumura and Hayata, and R. Parvijlora 
by Masamune. 

Recently, S. Hatusima (1970) presented "An Enumeration of the Plants Collected 
by G. Ikcda in Bold Tobago Island" and added Ilemigraphis cumingiana, Strobilanthes 
glandulifcra and S. tasliiroi, these being new to the Acanthaceac of Taiwan. 

In the present study, there are 20 genera, 30 native and 4 possibly naturalized 
species making a total of 3-1 species besides two varieties. Strobilanthe tasliiroi is 
excluded temporarily owing to the doubtfulness of its existence. A check list is 
appended here of the genera, species and varieties, while the full taxonomical treat¬ 
ment will appear in "the New Flora of Taiwan” in 1975. 

A CHECK LIST OF ACANTHACEOIS PLANTS OF TAIWAN 
1. RaphicacanthuH Brcmck. 

(1; Baphicacanthu* cusia(Necs) Brcmck. in Verb. Nederl. Akad. Wctensch., Amst., 

Afd. Natuurk.,Scct. 2. 41 (1): 59, 190. 1944. 

Goldfussia cusia Necs in Wall. PI. As. Rar. 3: 88. 1832. 

2. Blechum P. Br. 
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(2) Blechum pyramidatum (Lam.) Urban, in Fcddc Report. 11: 323, 1918. 

Barleria pyramidatum Lam. Encycl. 1: 380. 1783. 

3. Codonanthus Noes 

(3) CodonaranthuH pauciflorua Nces in DC., Prodr. 11: 103. 1847. 

4. Dicliptera Juss. 

(4) Dicliptera chinenais Juss. in Ann. Mus. Par. 9: 268. 1807. 

5. Dipteracanthua Necs 

(5) Dipteracanthua repena (Linn.) Hassk. in Hocv. et Do Vricsc, Tijdsrhr. 10: 127. 
1843. 

Rucllia rcPctis Linn, in Mant. 1: 89. 1767. 

6. Gendaruaaa Nees 

(6' Gendaruaaa vulgaris Necs in DC., Prodr. 11: 410. 1817. 

7. Goldfuaaia Nees 

(7) Goldfuaaia formoaarua (S. Moore) Hsieh & Huang comb. nor. < 

Strobilanthus formosatws S. Moore in Journ. Bot. 15: 294. 1877. 

(8) Goldfuaaia pentstemonoidea Nces in DC., Prodr. 11: 176. 1847. 

8. Hemiadelphia Nees 

(91 Hemiadelphia polysperma (Roxb.) Nees in Wall. PI. Rar. 3: 80. 1830. 

Justicia polysperma Roxb., FI. Ind. 1: 120. 1820. 

9. Hemigraphis Nees 

HO) Hemigraphis cumingiana Nees in DC., Prodr. 11: 148. 1847. 

(11) Hemigraphis primulifolia Noes in DC., Prodr. 11: 144. 1847. 

'12) Hemigraphis reptana (Forst.) Andcr. ex Hemsl., Bot. Voy. Challenger 1 (3): 
173. 188-1. 

Rucllia replans Forst., FI. Ins. Austr. Prodr. 44. 1786. 

10. Hygrophila R. Br. 

(13) Hygrophila lancea Thund. in Trans. Linn. Soc. 2: 338. 1794. 

(14) Hygrophila pogonocalyx Hayata. Icon. PI. Form. 9: 81. 1920. 

(15) Hygrophila aalicifolia Nees. in DC., Prodr. 11: 92. 1847. 

11. Hypoeatea R. Br. 

(16) Hypoeatea cumingiana Bcnth. et. Hook.. Gen. PI. 2: 1122. 1873. 

(17) Hypoeatea purpurea R. Br., Prodr. 1: 474, 1810. 

12. Juaticia Linn. 

(18) Juaticia ciliata (Yamam.) Hsieh & Huang a tat. nor. 

Justicia hayatai Yamam. var. ciliata Yamam., Suppl. Ic. PI. Form. 2: 35. 1926. 

(19) Juaticia procumbena I.inn., Sp. PI. 15. 1753. 

(19a) Jnaticia procumbena Linn. var. hayatai (Yamam.) Ohwi in Bull. Nat. Sci. 
Tokyo 33 : 75. 1953. 

Juiticia hayatai Yamam., Suppl. Ir. Form. 2: 3-1. 1926. 

(19b) Juaticia procumbena Linn. var. linearifolia Yamam., Suppl. Ir. pi. Form. 2: 
33. 1926. 

(20) Juaticia quadrifaria Wall., Cat. 2479. 1828. 

13. Kudoaranthur Hosokawa 

(21) Kudoacanthus albo-nervoaa Hosokawa in Trans. Nat. Hist. Soc. Formosa 23: 
94. 1933. 

14. Lepidagathis Willd. 

(22) Lepidagathis formoaenaia Clarke ex Hayata in Journ. Coll. Sci. Univ. Tokyo 
30 (1): 213. 1911. 
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(2:’>) Lepidagathis inacqualis C. B. Clarke ex Elm. Leaf!. Philip. Bot. 5: 1695. 1913. 
(21) Lepidagathia secunda (Blanco) Nees in DC., Prodr. 11: 259. 1847. 

Rucllia sccunda Blanco, FI. Filip. 495. 1837. 

(25) Lepidagathis stenophylla Clarke ex Hayata in Journ. Coll. Sci. Univ. Tokyo 30 
(1): 214. 1911. 

15. Parachampionella Brcmek. 

(26) Parachampionella rankanenaia (Hayata) Brcmek. in Vcrh. Ncderl. Akad. We* 
tensch., Amst., Afd. Natuurk., Sect. 2. 41(1): 151. 1944. 

Strobilanthcs rankanensis Hayata, Icon. PI. Form. 9: 84. 1920. 

16. Periatrophe Nees 

(27) Periatrophe japonica Thunb., FI. Jap. 21. 1784. 

(28) Periatrophe roxburghiana: (Schult.) Brcmek. in Acta Bot. Neerl. 4: 656. 1955. 
Justicia roxburghiana Schult. in Mant. 1: 140. 1767. 

17. Rungia Nees 

(29) Rungia chinenaia Benth., FI. Hongk. 266. 1861. 

(30) Rungia taiwanenaia Yamazaki in Journ. Jap. Bot. 43(2): 61. 1968. 

18. Semnostachya Brcmek. 

(31) Semuoatachya longeapicatua (Hayata) Hsieh & Huang comb. nor. 

Strobilanthcs longcspicatus Hayata, Icon. PI. Form. 9: 83. 1920. 

19. Staurogyne Wall. 

(32) Staurogyne concinnula (Hance) 0. K., Rev. Gen. 497. 1891. 

Ebcrmaicra concinnula Hance in Journ. Bot. 6 : 300. 1868. 

20. Triaenacanthua Nees 

(33) Triaenacanthua flexicaulia (Hayata) Hsieh & Huang comb. nor. 

Strobilanthcs flcxicaulis Hayata, Icon. PI. Form. 5: 135. 1916. 

(3-1) Triaenacanthua glandulifera (Hatusima) Hsieh & Huang comb. nov. 

Strobilanthcs glandulifera Hatusima in Sci. Bull. Agric. ct Home Eco. Div. Univ. 
Ryukyu 3: 22. 1956. 

In addition to the checklist, the anatomical and morphological studies were also 
provided. Although many genera of Acanthaceae have been studied since 19th century, 
much attention has been given to the occurrence of the peculiar cystoliths (Hobein, 
1884; Linsbauer, 1921). the patterns of pollen grains (Lindau, 1895; Raj, 1961), and 
the several cases of anomalous stem structure (Roulet, 1894). In 1894 quite a comp¬ 
rehensive anatomical monograph of Thunbcrgia was given by Roulet. In the following 
year the anatomy of several Ruellicae was described by Tchouproff (1895). As 
regard to seed morphology and anatomy, the most comprehensive account is 
probably still that of Schaffnifs (1906). With the exception of these works, no 
others concerning the general anatomical features of the roots, stems, leaves or 
floral parts have appeared. 

The present investigation, because of the limitation of available material, is only 
confined to the plants of Taiwan. Since the purpose of the authors is to gain a 
better understanding of the relationships among the genera and species, materials 
were subjected to a detailed study of their general mophology, anatomy and paly- 
nology. 

MATERIALS AND METHODS 

For the anatomical study, both vegetative and reproductive parts were included. 
Materials of 18 species treated under 14 genera were available. The main sources 
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of materials were those cultivated in the greenhouses of the Botany Dapartment of 
the National Taiwan University, supplemented by preserved materials of wild plants 
from various localities. Several methods were followed: 

(1) Those for sections, Conn’s method (1953) was followed. Materials were fixed 
in formalin-acetic-alcohol (FAA) and embedded in paraffin wax. Sections were mostly 
cut with a sliding microtome at 10 /< and stained with safranin 0 solution, then 
differentiated with fast green in alcohol. Finally they were mounted in balsam for 
observation. 

(2) Since small crystals in stems tend to be lost through the preparatory pro¬ 
cesses, they were frequently checked by free-hand sections. 

(3) Surface preparations of the epidermis were made by stripping off the epi¬ 
dermis. These preparations were examined unstained. 

For palynological study, pollen grains were obtained from both herbarium speci¬ 
mens and field collections. They were treated by the acetolysis method of Krtman 
(1952). 

For general morphological characters and descriptions, data from field studies 
were supplemented by a study of herbarium specimens deposited in the herbaria 
of National Taiwan University and Taiwan Forestry Research Institute. 

ANATOMICAL AND MORPHOLOGICAL OBSERVATIONS 
(A) Root 

1. General morphology 

The Acanthaceae have a taproot system. The roots usually undergo secondary 
growth and the majority of them are of a perennial nature. In some cases, roots 
may be derived from the nodes of the aerial stems. 

2. Anatomical features 

In younger roots, the epidermis is thin-walled and usually uniseriate. The cells 
immediately within the epidermis are often differentiated from the inner cortical 
layers by being tightly compacted. In Hygrophila salicifolia an exodermis consisting 
of polygonal cells is developed (Fig. 2). The inner cortex is composed of several 
layers of thin-walled cells with rhombic intercellular spaces and a one layer endo- 
dermis with Casparian dots being clearly visible. In Hygrophila salicifolia, however, 
the cortex exhibits aquatic features; the cells arc very regularly arranged and 
traversed by wide lacuncs from the breakdown of cells in their formation (Fig.2). 
Inside of the endodermis there is a thin-walled pericyclc which surrounds the 
vascular tissue. 

The number of xylem ridges shows considerable variation, for example, it is 
triarch in Codonacanthus Paucifloras, pcntarch in Baphicacanthus ettsia, and heptarch 
in Hygrophila salicifolia. 

Secondary growth prevails within the materials studied, but are rather limited. 
The secondary xylem contains vessels of various diameters with scalariform 
secondary walls. In Hygrophila the parenchymatous pith is retained (Fig. 2), while 
in Baphicacanthus (Fig. lb) and Staurogyne the xylem forms a solid core. 

Cystoliths exist in the roots of some species, e. g. Baphicacanthus cusia (Fig. 1), 
they are mainly scattered in cortical cells. Few oxalate crystals were found to be 
present in Hygrophila. Peristrophe is particularly characterized by an abundance of 
starch grains stored in the parenchyma of the cortex (Fig. 3). 
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( B) Stems 

1. General morphology 

In general the stems are distinct, but rosette plants have very short stems. Both 
herbaceous and woody stems arc present. Herbaceous stems vary from stiff to weak 
or somewhat flexible, and from erect to ascending or basally somewhat decumbent. 
The stems may be simple or branched, the branches being opposite, vcrticillate, or 
alternate. In transection, they show an outline ranging from terete to strictly 
angulatcd, usually with wings. 

The stems and branches are hairy, glabrous or nearly so. The pubescence varies 
from villose to hirsute, and sometimes glandular. 

2. Cross section of stems: 

The epidermis: The epidermis is usually one layer of cells in thickness. Occa¬ 
sionally uniseriate cells intermixed with biscriate ones have been observed, e. g. in 
Gcndarussa vulgaris (Fig. 6). In Baphicacanthus cusia, however two additional layers 
similar in structure to the epidermis exist. Viewed from the surface, the epidermal 
cells may be longitudinally elongated or transversally strcchcd. Cystoliths arc 
extremely straight with one end sharply pointed or both ends blunt (Fig. 3, 4). Very 
often, non glandular and glandular hairs are present, while stomata, arc rarely found. 

The collenchyma: The collenchyma near the periphery of the cortex is commonly 
of the angular type with wall thickenings localized in the corners. In some species, 
the collenchyma tissue constitutes a continuous cylinder, c. g. in Goldfussia formosanus, 
while in some others, it is interrupted by the cortex into separate strands, often 
forming several projecting ribs. 

Inside the collenchyma there occurs a chlorenchyma zone, the outer several layer 
of which contain an abundance of chloroplasts. The chlorenchyma consists of num¬ 
erous layers of the thin-walled cells which arc round to elliptic in transversal 
sections. Intercellular spaces are prominent. In Ifygropliila solid folia (Fig. 8), they 
arc especially well developed as is shown in the stems of most hydrophytes. The 
innermost layer of the cortex is differentiated as an endodermis with its marked 
Casparian strips. 

The vascular tissue: The outermost layer is a parenchymatous pericycle, sheath¬ 
ing the vascular tissue. The vascular cylinder is frequently composed of several 
distinct bundles usually of six or more with intervening interfascicular parenchyma, 
but in some instances, the cylinder appears to be almost continuous. The latter 
condition was found to prevail in Lcpidagathis spp. Each bundle is arranged in a 
collateral form. 

The pith: The central pith occupies a larger portion of the stem, sometimes 
up to one half of the total diameter of the stem, as in Baphicacanthus cusia. The 
parenchyma cells are usually smaller towards the peripheral region and larger in 
the center. 

Usually there is little increase in the amount of secondary growth. Variations 
in the structure of the stem which have undergone secondary thickening are illust¬ 
rated as follows: 

(i) Both the fascicular and interfascicular cambium may form a cylinder of 
secondary phloem toward the outside and a considerable amount of secondary xylem 
toward the inside (Fig. 6). 

(ii) A phellogen layer occurs in Baphicacanthus cusia. 
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(iii) A row of sclcrcids with round pits were found in the inner cortex of 
Gendarussa vulgaris (Fig. 6). 

(iv) Fibers frequently occur in phloem either forming a circle in Baphicacanthus, 
Goldfussia and Farachampionella or as separate clusters in Peristrophe. 

Ergastic substances: Cystoliths arc usually present to some extend in the epi¬ 
dermis. In Baphicacanthus, Goldfussia and llcmigr aphis (Fig. 7), they were found also 
in the cortex and pith. Calcium crystals occurring in the cortex and the pith of 
some species are specially marked. Those occurring in Lepidagathis and Hygrophila 
are acicular form, while in Gendarussa and Peristrophe, they arc multitudinous in 
shape, being prismatic, cylindric, rectangular or rhombic. Starch grains arc nearly 
always simple and spherical to elliptic in shape. 

The node: In the nodes there is a much stronger development of the cortex than 
in the internodes, and the pith occupies a conspicuously larger portion of the section. 
In transection, it is unilacunar with one trace, c. g. in Baphicacanthus. 

(C) Leaves 

1. Macroscopic features 

The leaves of the Acanthaceac arc opposite, decussate and cxstipulatc. The 
shapes vary in several respects. There is a continuous series from nearly orbicular 
or broadly ovate to lanceolate and even linear. In some of the species the two 
leaves inserted at the same node arc unequal, this anisophylly. for instance, occurs 
in Triacnanthus. In other species the differcnc is but slight and between these two 
extremes all kinds of intcrgradcs occur. 

Leaf margins arc mostly shallowly undulate or sometimes flat. The texture of 
leaf is usually thin and delicate, but in some maritime species rather thick and 
succulent. The surface may be hairy or glabrous. The midrib and lateral veins arc 
prominently developed, usually protruding on the abaxial surface. The leaf may be 
long pctiolatc but rare often sessile. 

2. Details of the external surface 

Viewed from the surface, the epidermal cells of the abaxial surface arc generally 
irregular in outline with curved or prominently undulate walls (Fig. £-12). In size, 
they range from 170 x 32 /i in Peristrophe japonica to f>0 x 17 /t in Codonacanthus 
pauci floras. The cells, parallel to the veins, are extremely elongated. 

The stomata, classified as the diacytic type (Metcalfe & Chalk. 1950.p. 15),have 
two subsidiary cells which arc placed vertically by the stomata (Fig. 11),a structure 
that is also characteristic of certain genera of Caryphyllaccac. The size of the 
stomata is very constant for a given species. For the family as a whole there is a 
range in stomata length from 21 /i in Diptcracanthus rePens to 32 /t in llcmigraphis 
cumingiana. In general, stomata are absent from the adaxial surface, but in Hygro- 
pliila salicifolia, Hemigraphis cumingiana. Dipt cr acanthus repens and Justicia ciliata, 
they are found on both surfaces, although more frequently on the abaxial than the 
adaxial surface. 

Hairs including glandular and non-glandular types constitute the other deriva¬ 
tives of the epidermis. All species studied possess an abundance of glandular hairs 
on both surfaces. In structure, they arc composed of three portions; basal cells in 
line with the epidermal cells; neck cells with their outer walls slightly elevated 
above the surrounding leaf surface; and the head which is either 2-cellcd in Stauro- 
gync concinnula or pluricellular in other species. 
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Non glandular hairs arc frequently multicellular. They may be found equally 
distributed on both surfaces, as in Goldfussia formosanus, or may be more abundant 
on the adaxial surface as in Blechum pyramidatum, or on the abaxial surface as in 
Justicia ciliata. In llcmigraphis primulifolia although the hairs are scattered over 
the whole surface, they are more frequently observed near the veins; in Lepidagathis 
formosensis they arc confined to the veins. Surface hairs often inclined towards the 
apex. 

Cystoliths, the most prominent mark of the Acanlhaceae.arc frequently contained 
in the epidermal cells which are readily distinguished by their long and narrow 
outline. Their nature and distribution are valuable for the recognition of genera 
ns had been staled by Hobcin (1844). Within the materials studied, several types 
can be established as follows: 

(i) Cystoliths are completely absent in Staurogync. 

(ii) Elongated cystoliths with one end pointed are usually cncounted in Medium, 
Dipteracanthits .'Fig. 12) llcmigraphis, Ilygrophila, Parachampionclla and Rungia 

(iii) Elongated cystoliths with both ends pointed are present in Goldfussia and 
Justicia. 

(iv) Cystoliths with two blunt extremities occur in Codonaeanthus and LcPida- 
gat his (Fig. 9). 

(v) Cystoliths of variable shape arc present in Gcndarussa and Peristrophc il : ig. 

10 ). 

3. The cross in section of leaves 

The epidermis: Viewed in transverse section, the epidermis is uniscriate. The 
outer wall of the epidermis is slightly thickened: stomata arc raised a little above 
the adjoining epidermal cells and have a deep and wide air chamber. Generally the 
cells of the abaxial surface are slightly smaller than those of the adaxial surface. 

The mesophyll (Figs. 13-14): All the leaves examined show a dorsiventral 
structure. In general, the mesophyll is differentiated into palisade and spongy 
tissues, although there arc many variations, from Justicia ciliata (Fig. 13) with two 
distinct layers of palisade and a loosely arranged, irregular shaped spongy cells with 
well development of arms, to that shown in Parachampionclla rankanensis (Fig. 14) 
with cone shaped palisade cells and a more or less compact, rounded spongy cells. 

The palisade is frequently onc-or two-layered and consists of vertically elongated, 
cylindrical cells rich in chloroplasts. Where the palisade consists of more than one 
layer, the lower layer usually tends to be transitional in shape between the upper 
layer and the spongy tissue below. 

Sometimes the palisade is partly interrupted by the midrib, but the palisade 
extends for some distance through the ground tissue above the mestomc bundles 
(Fig. 16), while in others, the palisade tissue is continuous, that is, not interrupted 
by the collenchyma or ground tissue (Fig. 15). 

The transverse veins have a very simple structure and usually consist of one 
or two narrow xylem elements and a continuous, but not so distinct, parenchyma 
sheath. Where veins exist, there usually occurs collenchyma of two or three layers 
of cells under the epidermis. 

The midrib (Fig. 15, 16): A rather uniform structure is shown in the midrib. 
It consists a one-layered epidermis, several layers of collenchyma on both surfaces; 
the parenchymatous ground tissue; and the central vascular bundles. The collen¬ 
chyma is represented by two to live layers of cells under the epidermis, frequently 
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being thicker on the adaxial than the abaxial surface. Within the collenchyma is a 
parenchymatous tissue composed of several strata of oblong or more or less rounded 
cells with wide intercellular spaces. The mestomc bundles arc collateral and arranged 
in a crescent shape of several rows of vessels with three to four in each row. The 
lepsomc is represented as separate groups underneath the hadrome and also occurs 
as small isolated strands between the hadromatic rays. 

For the majority of the genera, cysloliths arc usually confined to the epidermal 
cells. In some genera, additional cystoliths occur in the ground tissue. This is the 
ease in flcmigraphis, Baphit acanthus, Gold/ussia and Parachampionclla Fig. 16). In 
Staurogyne, however, they are completely abscent. 

Calcium oxalate crystals arc acicular in shape. They arc found to prevail in 
lcpidagathis and Ilygrophila. 

The petiole (Fig. 17, 18): The petiole is approximately hemi cylindric in outline, 
the convex face being the dorsal. The internal structure is almost identical with 
that of the midrib. There arc the same tissues, but distributed in a somewhat 
different way; for instance, the collenchyma almost completely surrounds the 
parenchymatous ground tissue, being interrupted only by two small groups of 
parenchymatous tissue on the upper outer sides by the narrow wings (Fig. 18). The 
mestomc bundles arc arranged in an arch as in the midrib, while two or three 
smaller lateral strands of mestomc arc close to the margin. 

(D) Inflorescence 

The acanthaccous have a wide variety of types of inflorescence ranging from a 
simple spike to a complex thyrsc. five types are recognized: 

(1) Spicate inflorescence: This is the commonest type cncountcd. With the 
exception of Baphicacanthus, the spikes are usually terminal. The flowers may be 
densely or loosely arranged. Sometimes the spike is leafy, e. g. in Gcndarussa the 
lower primary side axis being subtented by narrowed to small or reduced leaves 
gradually decrescent upwards into bracts. Genera having this type arc Baphicacan¬ 
thus, Blcchum, Gcndarussa. Hcmiadclphis, Justicia, Lcpidagathis, Kungia, Scmnostachya 
and Triacnacanthus. 

(2) Paniculate inflorescence: Lateral branches of all paniculate inflorescences 
arc determinate and consist of racemes. In I/ypocstcs, large, lax compound panicles 
are formed. More often the branches arc subtended by small leaf blades. Genera 
of this type arc Hypocstes, Kudoacanthus and Staurogyne. 

(3) Racemose inflorescence: The only species showing a racemose type of 
inflorescence is Codonacanthus paucijlorus. The flowers are loosely arranged in an 
elongated one-sided raceme. 

(4) Cymose infloresoence: The cyme in Gold/ussia usually bears a few flowers. 
In Peristrophc the cymes arc often aggregated into clusters, while in Dicliptcra they 
arc arranged in leaf axils, forming llabelliform groups. Genera belonging to this 
type are Dicliptcra, Gold/ussia and Peristrophc. 

(5) Verticillate inflorescence: In Ilygrophila, flowers form a whorl in the axils 
of opposite leaves. All flowers are sessile. 

(E) Flower 

The flowers of the Acanlhaccae arc bisexial, medianly zygomorphic, hypogynous 
and bracteatc. They arc usually pedicellate, but sometimes sessile. The length of 
the periods intervening between successive outbursts of flowering is not the same 
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for all species, but in general the Howcring period occurs in the late fall, winter 
and early spring (Table 1). 

The flowers bear nectar-yielding disks and are usually brightly colored and 
often united into a large inflorescence, being thus adapted to attract insect visitors. 
It was proposed by G. Beck von Mannagctta (1897) that insect visitors cause the 
pollen to be emptied on their backs by striking against the downwardly directed 
point of the pollen receptacle. Then this was transferred to the curved, projecting 
stigma of another flower. However, in Diptcracanthus, the flower is cleistogamous 
as suggested by Foerste (1888), and the didynamous stamens are scarcly exceeded 
in length by the style and the corolla lasts for only one day, easily falling off if 
disturbed. There is no structure insuring cross-fertilization. 

1. Bracts and bracteoles: 

The nature of the bracts and bracteoles have always been recognized as a 
valuable characters in distinguishing critical species and varieties, as in Justicia, 
Lepidagathis and Rungia. 

Each bract usually subtends a single flower, but in some genera, e. g. Lepidagathis, 
the flowers in the axils of the lower bracts are often imperfectly developed or 
entirely wanting. In Rungia, both fertile and sterile bracts exist and are arranged 
in four ranks with the outer two rows being sterile. In Dicliptera and Pcristrophc, 
they form involucre enclosing several flowers, while in HyPocstes Purpurea, involucre is 
conical in form. In shape, they range from broadly ovate in Blcchum pyramidatum 
to narrowly linear in Codonacanthus pauciflorus. Sometimes they show strictly leafy 
forms, as in HyPoestes cumingiana, or they may be transitional in shape to those of 
the leaf. The bracts are usually persistent, but in some species, c. g. Goldfussia 
formosanus, they are fugacious, leaving scars at the base of the calyces. The 
covering indumentum consists of both multicellular and unicellular hairs. Occasionally, 
glandular hairs with long stalks exist along with the ordinary ones. On the bracts, 
the hairs may be confined to the margins, as in Peristrophc japonica or may occupy 
the whole abaxial surface, as in the majority of the species, or they may be com¬ 
pletely absent in Peristrophe roxburghiana. 

Structurally, the bract is comparable to that described for the leaf, but some 
deviations were observed: 

(i) The ground parenchyma rarely shows a differentiation into palisade and 
spongy tissues. 

(ii) No collenchyma exists in the midrib, instead there is a row of subepidcrinal 
cells which are similar to the epidermis. 

(iii) The parenchymatous ground tissue in the midrib is spongy-like with rcla* 
lively wide intercellular spaces. 

(iv) The vascular bundle in the midrib occupies a position bordering the adaxial 
subepidcrinal cells. 

Bracteoles may be present or absent. They arc, as a rule, shorter than the bracts 
and similar in shape and texture to the calyx segments. Peculiar is the fact that 
in Juiticia procumbens, there develops a keel along the midrib, the internal structure 
of which shows a conspicuous fiber bundle occupying the central portion (Fig. 22). 
Either ordinary or glandular hairs may be seen on the dorsal surface or along the 
margin. 

2. Calyx: 

The calyx is always pcntamcrous. When unequal, the three posterior segments 
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Table 1. Flowering period 
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arc usually united about halfway up forming a trifid lip, whereas the two anterior 
ones may be entirely free or united into a bifid lip. The segments may be more 
or less distinctly unequal. In Hygrophila, however, the calyx is long and tubular, 
having at its apex five shallowly incised teeth. In shape, the segments are often 
linear or linear lanceolate with acute lips. In most species, they are scarious near 
the margins. Multicellular hairs always occur along the keels and the margins. In 
Dipteracanthus repens and Hypocstes cumingiana, long-stalked glandular hairs are 
found on the dorsal surface. 

Structurally, the calyx contains a parenchymatous mcsophyll of thin-walled 
cells which arc larger progressively towards the dorsal surface and contain chloro- 
plasts throughout. Stomata were not seen. The epidermis usually bears glandular 
hairs on their inner surfaces. The vascular system consists of one larger vein and 
two smaller vcinlets. 

3. Corolla: 


The corolla is hypogynous, gamopctalous, more or less zygomorphic and always 
consists of a basal cylindrical tube which widens into a campanulate or infundibuli- 
form throat, and of five subequal lobes which arc imbricate (Fig. 19) or contorted 
-Fig. 20) in the bud. The tube is always white and varies considerably in length. 
In some species, e. g. Medium Pyramidalum, it is short, only slightly exceeding the 
calyx, while in Peristrophe roxburghiana it is much elongated, sometimes up to over 
eight times as long as the calyx. The limb is either 2-lipped or strictly 5-lobcd. 
The limb and the throat are usually white or more often tinted with various shades 
of blue or violet. Four kinds of corolla can be distnguished: 

(1) Bilabiate-imbricatc type: The corolla consists of a united base and two 
distinct lips. The base usually shows a slender, curved cylinder. Above the base, 
the tube slightly enlarges. The limb is bilabiate with the upper lip entire or 
cmarginate and the lower one shortly trilobate. The lips in bud show an imbricate 
aestivation. Resupination has been noticed in some species such as Diclipicra 
(hinensis, Hypocstes purpurea, and Peristrophe japonica and the result is shown by the 
twisting of the corolla with the upper lip turning downward and the lower one 
upward. Genera following this type arc Diclipicra, Gendarussa, Hypocstes, Justieia, 
/ cristraphe and Rungia. 

(2) Bilabiate-contorted type: The corolla shows an somewhat personate form 
and is bilabiate with the lobes contorted in bud. This is the case in Hcmiadclphis 
and Hygrophila. 

(3) Infundibuliform-contorted type: The corolla is infundibuliform-vcntricosc 
with distinctly five lobes which arc contorted in bud. Usually the lobes arc sub- 
equal, orbicular, and cmarginate. Genera having this pattern arc Blechum, Baphica- 
canthus, Goldfussia, Hcmigraphis, Parachampioneila, Scmnostachya and Triaenacanthus. 

(4) Campanulatc-imbricatc type: The corolla is slightly ventricose with distin¬ 
ctly four or five lobes which show an imbricate aestivation in bud. Genera having 
this type arc Codonacanthus, Kudoacanthus, Lcpidagathis and Staurogync. 

Structurally, the corolla is like the leaf. It consists of the ground parenchyma, 
a vascular system and the epidermal layer on the abaxial and adaxial sides. The 
ground parenchyma is loosely arranged in Justieia procumbcns (Fig. 25), or closely 
packed in Peristrophe japonica (Fig. 23) and Triaenacanthus Jlcxicaulis (Fig. 21). 
The vascular system is composed of several veins. The cell walls of the epidermal 
cells arc straight, curved or slightly papillose. 
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4. Stamens: 

The stamens are inserted on the corolla, either included or far exserted. They 
may be four fertile and then usually didynamous, as in Haphicacanthus, Blechum, 
Diptcracanthus, or two fertile and then whether or not accompanied by two slami- 
nodcs. Except in Ifypocstcs, where they are onc-cellcd, the anthers arc usually 
cumposcd of two cells which arc equal and approximately at the same level, or more 
or less separated by a development of the connective, then they arc often different 
in size and formed at different levels; the lower cell of the anther is often spurred, 
c. g. in Justicia, Gendarussa and Rungia. 

The attachment of the anthers is versatile and the anther cell dehisces typically 
by a longitudinal split. The filaments of the stamens are usually inserted either at 
the base of the widening of the corolla tube or at the lop of the corolla lube, and 
sometimes connected by a membrane. They may be glabrous or hairy; the pubesc¬ 
ence being scattered along the whole length or more often limited to the base. 

Structurally, the anther wall consists of a persistent epidermis of typical struc¬ 
ture with the outer cell walls usually curved or papillose; an cndothccium has 
secondary thickenings on the cell walls in the form of strips that arc oriented 
perpendicularly to the epidermal layer (Fig. 24). After the maturation of the pollen, 
the lapetum completely disintegrates. There is usually a single vascular bundle. 

5. Carpel: 

In mature flowers, the ovary is usually oblong or ovoid and passes into a long 
filiform style which projects from the mouth of the llower. Multicellular hairs or 
occasionally stalked glandular hairs may occur at the tip. The ovary is two-loculed, 
there may be one ovule in each cell, but most have two or more superposed ones. 
Placcnlation is axile. The style may end in two small variously shaped stigma, 
either being equal or the anterior stigmatic lobe dorsally flattened with the posterior 
one being rudimentary, sometimes the posterior one is completely reduced and re¬ 
sults in a long, subulate or capitate stigma. Hairs occur near the base, or throughout 
the whole length, or may be absent. The ovary is always raised on a disk which 
may cither be obscure or often conspicuous; then, its shape varies from discoid to 
short-cylindrical. 

Structurally, the style contains an open central stylar canal in Triacnacanthus 
Jlcxicaulis (Fig. 21), but is solid in Codonacanthus paudflorns (Fig. 19). The ovary 
consists of an epidermis, a parenchymatous tissue, and an vascular system. There 
is a conspicuous histological structure associated with dehiscence; rows of special 
cells are seen in the tissue of the central column (Fig. 25). These arc loosely held 
together and separation occurs later between the rows by the tearing of the tissues. 

6. Capsule: 

The capsule varies in shape and size, but is constant in each species and often 
among related species. It is bilocular; bearing two to several seeds arranged in a 
double rows on each cell. Where a large number of seeds are present, the capsule 
is always more or less prismatic, as in Hcmigraphis or long-cylindrical, as in llygro- 
Phila, but where the seed number is four or less, the capsule becomes ellipsoid with 
a contracted base, e. g. in PcrislroPhc japonic a. Sometimes it may be strictly flat, as 
in Dichptcra chincnsis. With the exception of Slaurogync, the funiclc usually hardens 
forming a hook like projection, the retinaculum or jaculator, in which the seed rests. 
The capsule differs also in its mode of dehiscence. It mostly splits elastically locu* 
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1 icidally and the two valves separate to the base and spring backwards. As a result 
the seeds are thrown out, the retinaculum directs the Hat seeds in a lateral direction 
so that the seeds from the four rows are sent crosswise in four directions. In some 
genera, c. g. Dicliptcra, Blechum, and Rungia, the plancentas with the retinacula arc 
clastic from the base of the capsule, thus scattering the seeds. 


KEY TO THE GENERA, SPECIES AND VARIETIES BASED UPON 
VEGETATIVE AND FLORAL CHARACTERS 

1. Perfect stamens 2. 

2. Capsule with more than 4 seeds. llcmiadclphis polysperma 

2. Capsule with 2-4 seeds. 

3. Corolla 4- or S-lobed. 

4. Corolla 4-lobed. Kudoacanthus albo-ncrvosa 

4. Corolla 5-lobed. Codonacanthus pauciflorus 

3. Corolla distinctly 2-lipped. 

4. Anther 1-celled. Hypocstcs 

5. Bracts free.//. cumingiana 

5. Bracts connate into an obconic involucre.//. purpurea 

4. Anther 2-celled. 

5. Placentas arising elastically from the base of the capsule. 

6. Flowers in spikes; bracts in2orlranks; anther cells plaecd at unequal 

levels, the upper ones spurred. Rungia 

7. Barren bracts elliptic. R. chinensis 

7. Barren bracts oblong-lanceolate. R. taiwanensis 

6. Flowers in cymes; 2 bracts forming an involucre; anther-cells placed 

at equal levels, the upper one not spurred. Dicliptcra chinensis 

5. Placentas not arising elastically from the base of the capsule. 

6. Shrubs; sclercids occurring in the cortex of 

mature stems. (lendarussa vulgaris 

6. Herbs; sclcreids absent. 

7. Flowers in cymes; capsules stalked. Dcristrophc 

8. Leaves sparsely pilose; corolla 2-2. 5 cm long./’. japonica 

8. Leaves glabrous; corolla about 5 cm long. I*, roxburghiana 

7. Flowers in spikes or in close axillary clusters; 

capsules sessile. Justicia 

8. Flowers in close axillary clusters; leaves 8-10 

cm long; calyx 5-partite. J. quadrifaria 

8. Flowers in spikes; leaves less than 5 cm long; calyx 4-partite. 

9. Leaves linear or linear-lanceolate../, procumbens var. lincari/olia 

9. Leaves elliptic, ovate or orbicular. 

10. Leaves densely hirsute./. ciliata 

10. Leaves slightly hirsute or glabrous. 

11. Leaves glabrous; palisade cells of two 

layers. J. procumbens hayatai 

11. Leaves slightly hirsute; palisade cells 

of one layer. J. procumbens 

1. Perfect stamens 4. 
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2. Retinacula and cystoliths absent; glandular hair with a 

2-celled head; cotyledon without albumin. Staurogyne concinnula 

2. Retinacula and cystoliths present; glandular hairs with a 
pluricellular head; cotyledon with albumin. 

3. Seeds many, more than 4. 

4. Flowers fasciculate in leaf-axils; corolla distincty 2-lipped; cortical cells 
in roots arc regularly and radially arranged and traversed by wide 

Inruncs; stem cortex with wide intercellular spaces. Hygrophila 

5. Palate glabrous. H. lance a 

5. Palate barbate. 

6. Leaves scabrous, hirsute; bracts densely strigose.//. pogonocalyx 

6. Leaves slightly hirsute; bracts sparingly hirtellous.//. salicifolia 

4. Flowers solitary or in spikes; corolla f>- lobed; root- and stem-cortex otherwise 

5. Flowers solitary. Dipteracanthus repens 

5. Flowers in spikes. 

6. Capsules linear to linear-oblong; placentas not arising elastically from 

the base of the capsule. llemigraphis 

7. Plants forming rosettes.//. primulifolia 

7. Plants not forming rosettes. 

8. Plants erect; leaves oblong-lanceolate. If. cumingiana 

8. Plants prostrate; leaves orbicular or oblong-ovate. II. replans 

6. Capsules ovoid to globose;placentas arising elastically 

from the capsule. Blcchum pyramidal inn 

3. Seeds 4. 

4. Corolla-lobes imbricated in buds; cystoliths occurring in 

epidermis only. Lepidagathis 

5. Inflorescences of ovoid heads; leaves sessile or subsessile, 

mostly less than 2 cm long./,. secunda 

5. Inflorescences of oblong erect one-sided spikes; leaves petiolate, mostly 
over 3 cm. long. 

6. Leaves linear or linear-lanceolate. L. stenophylla 

6. Leaves oblong-ovate or ovate. 

7. Leaves oblong-ovate, base attenuate; bracts and bracteoles 

pubescent with ordinary hairs./,. formosensis 

7. Leaves ovate, base rounded or truncate; bracts and bracteoles 

glandular-pubescent./,. inaequalis 

4. Corolla-lobes contorted in buds; cystoliths occurring in the cortex and 
pith of the stems as well as epidermis. 

5. Flowers in cymules; shorter stamens strongly curved. Goldfussia 

G. Leaves densely hirsute; calyx slightly pubescent 

with ordinary hairs.(7. formosanus 

G. Leaves glabrous or very slight hirsute; calyx densely 

glandular-pubescent. G. pentstenwnoides 

5. Flowers solitay or in spikes; shorter stamens not curved. 

6. Herbs; flowers solitary. Parachampionella rankanensis 

6. Undershrubs; flowers in spikes. 

7. Flowering branches strongly flexuous. Triaenacanthus 

8. Branches winged. T. flexicatdis 
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8. Branches not winged. T. glandulifera 

7. Flowering branches not flexuous. 

8. Calyx-segments equal, overlapping at base; bracts 

lanceolate or linear lanceolate. Semnostachya longespicatus 

8. Calyx-segments unequal, not overlapping base; bracts leaf-like, 
spalhulate or oblanccolate. Baphicacanthus cusia 

(F) SEEDS 

Variations in the external characters of seeds are expressed in shape, color, and 
especially by surface markings. The seeds for most species are ovate or orbicular 
in outline, sometimes more or less unequal at the base, and obtuse or acute at the 
apex. Laterally they are always distinctly compressed, and some may be described 
as flat. Their sizes vary a great deal. Baphicacanthus cusia possesses the largest 
seeds, while Uemiadelphis polysPerma has extremely minute seeds. The colors vary 
from light-brown to dark-brown. The surface of the seed coat shows structural 
markings of great diversity and may be smooth, warty, verrucose or hairy. In 
some genera, there is a covering of long, unicellular hairs which when dry lie close 
and form a smooth coat, but when wet stand up and become mucilaginous, e. g. in 
Diptcracanthus and Blcchum (Fig. 26). Whether they are mucilaginous or not, the 
hairs are sometimes marked with perpendicular, annular thickenings in their inner 
walls (Fig. 28). 

In section, the epidermal cells are very irregular; they are slightly enlarged 
in Codonacanthus Paucifiorus or modified as elongated pallisade-like cells forming a 
circular zone near the margin of the seeds of Diptcracanthus rerpens (Fig. 29), 
or separate as numerous warts in species of Pcristrophe (Fig. 27). The endosperm 
is, as a rule, absent and the cotyledon is thick in Codonacanthus Paucifiorus but 
rather thin in Dipteracanthus rcPens. 

There are five types of the seeds recognized; 

(1) The seed surface is covered with unicellular, mucilaginous hairs being char¬ 
acterized by annular thickenings in their inner walls, or not. In Diptcracanthus 
hairs are restricted to the margin, while in Hygrophila they cover the whole surface. 

(2) The seed surface is covered with non-inucilaginous hairs whose walls without 
thickenings, as in Goldfussia, I.cpidagathis, and Parachampionella. 

(3) The seed has scattered tubercles or warts, as in Dicliptcra, Hypocstes, 
Justicia and Peristrophc. 

(4) The outer suaface is glabrous, rather smooth. No obvious markings occur, 
e. g. in Baphicacanthus and Codonacanthus. 

SEED DIAGNOSIS 

(1) Baphicacanthus 

Seeds ovate or obovate; 6.5-7 mm. long and 5.5-6 mm. wide; dark-brown; 
surface rather smooth. 

(2) Blcchum 

Seeds orbicular; about 1.5 mm. in diameter; dark-brown, but somewhat lighter 
along the margins; mucilaginous hairs on the margin only. 

(3) Codonacanthus 

Seeds ovate; about 3 mm. long and 2 mm. wide; dark-brown; surface rather 
smooth. 
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(4) Dicliptera 

Seeds orbicular; about 2 mm. in diameter; brown; surface with scattered sepa¬ 
rate warts whose tips are fringed with £-4 hooks. 

(5) Diptcracanthus 

Seeds orbicular, extremely flat; 2.5-3 mm. in diameter; light-brown; margins 
winged and formed by the mucilaginous hairs. 

(6) Gold/ussia 

Seeds broadly ovate; about 3.5 mm. long and 2 mm. wide; brown; with stiff, 
but non mucilaginous hairs covering the whole surface; hair without annular wall 
thickenings. 

(7) I/emiadeiphis 

Seeds ovale; minute, about 0.8 mm. long and 0.6 mm. wide; light-brown; muci¬ 
laginous hairs covering the whole surface, without annular wall thickenings. 

(8) Hcmigraphis 

Seeds ovate; about 1 mm. long and 0.8 mm. wide; brown; hairs stiff, non-muci- 
laginous, with annular wall thickenings. 

(9) Hygrophila 

Seeds ovate; about 1 mm. long and 0.6 mm. wide; brown; with white margin: 
mucilaginous hairs densely covering the whole surface, with annular wall thicken¬ 
ings. 

(10) IlyPocstcs 

Seeds ovate to oblong; 2.8 3 mm. long and 3 mm. wide; dark-brown; in //. 
purpurea there is a longitudinal ridge on one side and numerous tubercles on both 
surfaces, while in //. cumingiana no ridge occurs and the tubercles arc very minute. 

(11) Justicia 

Seeds ovate; 0.8-1.2 mm. wide; dark-brown; surface studded with short striate 
ridges arranged in different orientations. 

(12) Lepidagathis 

Seeds nearly orbicular; 1-1.2mm. in diameter; light-brown, waxy; with few 
hairs at the base. 

(13) Parachampionclla 

Seeds elliptic; about 2.5 mm. long and 1.5 mm. wide; hairs somewhat white, 
stiff, without wall thickenings. 

(14) PeristroPhe 

Seeds orbicular or transvcrsally elliptic; 2-3.5 mm. long and 2-3.5 mm. wide; 
dark-brown; surface verrucose. 

(15) Semnostachya 

Seeds ovate; 4-4.5 mm. long and 2.5-3 mm. wide; brown; hairs covering the 
whole surface, stiff, with wall thickenings. 

(16) Triaenacanthus 

Seeds elliptic; about 3.5 mm. long and 2mm. wide; brown; hairs stiff, without 
wall thickenings. 

key to species based upon the outer morphological 

FEATURES OF THE SEEDS 

1. Seeds with mucilaginous hairs. 

2. Hairs with annular thickenings. 

3. Hairs restricted to the margins 


Dipt or acanthus repctis 
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3. Hairs covering the whole surface. Hygrophila salicifolia, 

II. lancea, II. pogonoealyx 

2. Hairs without wall thickenings. 

3. Seeds about 0.8x0.6mm. Ileniiadelphis polysperma 

3. Seeds about 1.5 mm. in diameter. Blcchum pyramidalum 

1. Seeds with non-mucilaginous hairs or glabrous. 

2. Seeds with non-mucilaginous hairs. 

3. Hairs densely covering the whole surface. 

4. Seeds broadly ovate. 

5. Seeds about 1. mm. long. Hcmigr aphis pritnulifolia 

II. eumingiana, II. replans 

5. Seeds larger than 3 mm. long. Goldfussia formosanus, 

G. pentstenionoides, Semnostachya longespicatus 

4. Seeds elliptic. Parachapionella rankanensis 

3. Hairs very few, restricted to the base. Lepidagathis formosensis, 

/.. inacqualis, /.. sec an da, stenophylla 

2. Seeds glabrous or nearly so. 

3. Seed coat nearly smooth. 

4. Seeds 6.5-7X5.5-6 mm. Baphicacanthus ensia 

4. Seeds about 3x2 mm. Codonacanthns paucifloras 

3. Seed coat conspicuously decorated with markings. 

4. Seed coal warty. 

5. Wart tip fringed with several hooks. Dicliptcra chinensis 

5. Wart tip without hooks. 

6. Seeds with a ridge on one side. Ilypoesles purpurea 

6. Seeds without a ridge on one side. 

7. Seeds elliptic. Ilypoesles euntingiana 

7. Seeds orbicular or transversally elliptic. 

8. Seeds 3 3.5 mm. long. I’cristrophc roxburghiana 

8. Seeds 2-2.5 mm. long. l‘eristrophe japonica 

4. Seed coat striate. Justicia ciliafa. J. prnrutnbens 


G) POLLEN GRAINS 


The Acanthaceae is known for its particularly beautiful pollen grains. Detail 
investigations of acanthaceous pollen grains were carried out as long ago as 1833 
by Bishoff, 1834 by Mohl, and 1837 by Fritzsche indicating their probable value for 
a delimitation that might be as natural and right as the classification of plants 
themselves. This has been confirmed later by the amount of work and knowledge 
amassed from Lindau (1893), Wodehouse and Krdtman. Recently, a great deal of 
subsequent work done by Raj (1961) and Huang (1972) has made this family to be 
one of the best knewn palynomorphologically families. 

The form and sculpturing of pollen grains in Acanthaceae show a multitudinous 
diversity. The shape in equatorial view varies from prolate, as in Ilypoesles to 
spheroidal, as in Varachampionella and Ruellia. In polar view, it may be circular, 
inter-sub-angular, or semi-angular. In size, Staurogyne conicnnula has the smallest 
grains, while Baphicacanthus ensia has the largest ones. 

With regard to the apertures, they may be diporate, triporate, pantaporate. 
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Fig. 1-3. Transections of roots. 1 . Daphicacanthus cusia, x40. 2 . Hygrophila salicifolia x40. 
3. Peristrophe japonic a x40. Fig. 4-5. Surface view of stem epidermis. 4. Gctidarussa vulgaris 
x 300. 5. Hygrophila salicifolia x 300k Fig. 6-8. Transections of stems. 6. Gctidarussa vulgaris 
(6th internode) x40. 7. Hemigraphis cumingiana (4th internode) x40. 8. Hygrophila salicifolia, 
cortex with prominent intercellular spaces, x 140. cy. ( cystolith. 
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tricolpate, tricolporato. heterncolporate. or syncolpate. In all grains examined. I he 
colpi arc broadest in the middle and taper at both ends. The ora may be circular or 
transvcrsally elliptic. The tectum shows various processes ranging from srahratc 
to clavatc. Sexinc is largely reticulate or granulate. 

On the basis of these different characters it is possible to establish ten types 
which can be illustrated as follows: 

(1) Medium type (Fig. 30) 

Grains 3-colporatc (syncolpate : suboblale to subprolate; 38 50x33 r»!» /<: amb 
semi-angular; ora circular; tectum with verrucate processes; sexine reticulate, with 
LO-pattcrn. Species pertaining to this type is lUeehum Pyramidal urn. 

(2) Codonacanthus type (Fig. it I) 

Grains 3-poratc; suboblale to subprolate; II- 5I.X-I0 47 /»; amb semi-angular; 
ora more or less circular; tectum with scabrate processes; sexine finely reticulate, 
with LO-pattcrn. Species pertaining to this type is Codonacanthus pauciflorus. 

(3) Diptcracanthus type (Fig-33) 

Grains 3-porate; spheroidal to subspheroidal; 50 (>8 /< wide: amb circular: tectum 
with gemmate processes; sexine granulate with LO-pattcrn. Species pertaining to 
this type is DiptcracantIms repens. 

M) Coldfussia type • Fig. 3-1) 

Grains heterocolpate; spheroidal to prolate; . r »0 111x16 70/»; amb subangular; 
ora transvcrsally elliptic or circular; tectum with scabrate or verrucate processes; 
each mesocolpium either provided with one row of reticula, as in Coldfussia forma- 
sanns, or being finely arcolate, as in Haphicaeanthus eusia and llygrophila salieifolia. 
Species pertaining to this type are Itaphieaeanthus eusia, llygrophila salicifolia. S< ai- 
nostacliya longespicatus. Triaenacanthus flexieauhs and 7'. glandulifera. 

(5) Hypocstes type (Fig. 32. 3f». 39) 

Grains heterocolpate (parasyncolpale!: prolate-spheroidal to prolate; 50 77/e: amb 
inlet-subangular; ora 3. circular: tectum with scabrate. verrucate. baculate or clavate 
processes; sexine finely reticulate, but in I'eristrophe species, the reticula arranged 
in a single row separated by colpi. Species pertaining to this type are Dieliptcra 
chinensis, Hypocstes cumingiana. I'eristrophe japonica and I', roxburghiana. 

(6) Justicia type (Fig. 36) 

Grains 2-porate. bilateral; prolate to subprolate; 25- 47x16 34 /«; amb circular; 
“Trcnia area” longitudinal, studded with more or less circular tubercles on either 
side of the apertures: tectum with scabrate processes: sexine reticulate with LO- 
pattcrn. Species pertaining to this type are Justicia ciliata, J. procumbcns and J. 
quadrifaria. 

(7) Lepidagathis type fFig. 371 

Grains 3-colporate; prolate-spheroidal to prolate: 30 10 x 20-30 /«; amb inter-sub- 
angular; ora circular or tranaversally elliptic; tectum with scabrate or gemmate 
processes; sexinc reticulate. Species pertaining to this type are Cendarussa vulgaris, 
lepidagathis formosensis, L. sec undo and L. slenophylla. 

(8) Parachampionclla type)Fig. 38) 

Grains -1-5-poratc; spheroidal; 68-65 /« wide; tectum with clavate processes; 
sexinc granulate, with LO-pattcrn. Species belonging to this type is Parachampionclla 
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rankancnsis. 

(9) Rungia type (Fig. 40) 

Grains hdcrocolpalc, bilateral; suhprnlalc; 32-12 x 23- III /<: tectum with scabratc 
processes; scxinc reticulate, with LO-paltern. Species pertaining to this type is 
Rungia taiwanensis. 

HO) Staurogync type (Fig. 11) 

Grains 3-colpatc; prolate; 21-35 x 25-13 /<; atnb suhangular or semi-angular; 
tectum psilatc or with scabratc processes; sexine reticulate, with Ol.-pattern. 
Species belonging to this type is Staurogync concinnula. 

KEY TO SPECIES RASED UPON POLLEN GRAINS 


1. Aperture simple. 

2. Grains 2-5-poratc. 

3. Grains 2 3-poratc. 

4. Grains 2-poratc, bilateral. 

5. Grains 38-12x30 32 /<; exine 4 n thick at equator. Justicia 

quadrifaria 

5, Grains 32 35 x2ft 22 /i\ exine 6 /t thick at equator. Justicia 


ciliata, J. procumbcns 


1 . 


4. Grains 3 poratc. 

5. Tectum with gemmate processes. Dipteracantus repens 

5. Tectum w ith scabratc processes . Codonacanthas pauci/lorus 

3. Grains 4-5-poralc. Parachampiondla rankancnsis 

2. Grains 3-colpatc. Staurogync concinnula 

Aperture composite. 

2. Grains 3-colporate. 

3. Grains syncolpatc. filer hum pyramidal um 

3. Grains not syncolpatc 

4. Sexine granulate, with I.O-pattern . Ccndarussa vulgaris 

1. Sexine reticulate, with Ol.-pattern. Lrpidagatliis formosensis, 

/.. inacqualis, /.. sccunda, L. stenophylla 

2. Grains heterocolpate. 

3. Grains parasyncolpatc. 

4. Mesocolpium provided with a single row of reticula. 

!>. Exine 9/t thick. Perislrophe roxburghiana 

3. Exine 1- 3 /« thick. Perislrophe joponica 

4. Mesocolpium finely reticulate. Ifypoestes cumingiana, If. purpurea 

3. Grains not parasyncolpatc. 

4. Grains bilateral. Rungia taiwanensis 

4. Grains not bilateral. 

!». Mesocolpium provided with one row of reticula. Coldfussia 

formosanus, Semnoslachya longcspiratus, Triacnacanihus flexicaulis 
!». Mesocolpium finely arcolate. 

fi. Grains up to 100 n long. Baphit acanthus cusia 

(». Grains less than 65 n long. 

7. Grains mostly oblate-spheroidal . Hygrophila salieijolia 

7. Grains mostly suhprolatc to prolate_ llemigraphis primulifolia 

If. cumingiana, If. replans 


















* .10--II. PulU’it grains. .'Ml. lilt churn pyramidalum. x HKMI. ;il. Codouueauthus piiueijlorm. 

' < " Did t pi era chineusis. x Iimhi. ;t:i. Dipteraeanthus re pc its. x(MN). :M. Goldfussia formosanus. 

1 :iT». fly poesies cumingiana, x Iixni. 'Mi. Justieia procumbent, x 1500. :t7. I.epiduguthis 
formosensis, x |. r «<H». ;w. Parachampiouetla mukaiiensis, x (MMi. :*!». Peristrophe japonica, x loon 
W. Hungia laitoanensis. x liMKI. -II. Staurogync cotu iunulti. x |nno. 
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GEOGRAPHICAL DISTRIBUTION 

The Acanthaccac are mostly found in tropical or subtropical forests, growing 
especially in damp, marshy places. Though mainly tropical, the family also extends 
into the warm regions of both hemispheres. Thus it is found in the Mediterranean 
regions of South Europe. Similarly it is represented in China. Japan, southern 
United States, extra-tropical Australia and South Africa. 

1. Local distribution of the species in Formosa 

Maps A-H show the species population of the family in Formosa. '1 he data 
was derived largely from the writer’s collections, supplemented with herbarium 
records. A glance at the maps shows the uneven distribution of the species over the 
island. Admitting the fact that some of the gaps may be due to certain places being 
inaccessible to the collectors rather than to actual absence of species, the maps 
give a fairly picture of the proportional distribution of the species. I he greatest 
concentration of species is found in the sonlhern region with a total of it species, 
while the northern part has 10 species. Very few are known from the western 
alluvial plains, this is evidently due to the fact »f its heavy cultivation for several 
centuries. 

2. Geographical distribution of the genera 

1) Rapliicacanthus. a monotypic genus, was formerly grown on a large scale 
for the indigo-blue dye obtained from its leaves. Its country of origin is unknown, 
It is now distributed in China. Indo-China. India and Formosa. 

(2, nice hum with 10 species occurs in Tropical America. R. pyramidal ton. one 
of the most abundant weeds of Tropical America, was introduced from Mexico and 
has now become naturalized in the southern part of Formosa. 

Codonacaullius is fairly common over North India and South China. The 
genus has two species of which only C. paucitlorus occurs in Formosa. 

t Hi dipt era. one of the large genera of Acanlhaceae. comprising over WO species, 
is represented by one species in Formosa. The genus occurs widely in the tropical, 
subtropical and temperate regions of the world. 

ai Pi pier acanthus, comprising nearly lf»n species in the tropical and subtropical 
regions, is represented by only one species P. repens in Formosa. 

(>) GctrJarussa. a monotypic genus, is common over all Eastern Asia. In For¬ 
mosa. the species G. vulgaris is perhaps a cultivated plant. 

(7) GnUfussia, embracing 30 species, is but poorly represented in the Malaya 
Archipelago and Philippines. Its main area of distribution is in the mounlaineous 
regions on the border of Indo-China and China, two species occur in Formosa, one 
of which G. formosamts. is an endemic one. 

(8) llcmiaJclphis is a monotypic genus extending from India to South China and 
Formosa. It is fairly rare in Formosa. 

(9) Hcntigraphis, embracing over 100 species is predominently a tropical Asiatic 
genus, Three species occur in F'ormosa and they are confined to the South Cape and 
Lanyu Island. 

10) Hygrophila with its 80 species is widely distributed in the tropics and sub¬ 
tropics. There are three species in Formosa, one of which II. pogomwalyx is endemic. 

II, Hypocstcs consists of 150 species from Tropical South Africa, the Himalaya, 
South China and Australia. Only two species occur Formosa. They are mainly 
confined to the southern part. 

12) Justicia, a fairly large genus throughout all warm regions, is comprised 
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of about 200 species, two species with two varieties occur over a wide area of 
Formosa. 

(13) I^pidagatliis is a Reims of the hotter parts of the world, comprisinR 80 species 
of which three occur in Formosa. L. formosensis and L. sicnophylla arc endemic 
ones. 

(14) Kudoacanthus is a monotypic Rcnus recorded from TaitunR District. 

(15) Parachampionella has two species, one of which P. tashiroi occurs in Ryu* 
kyus; another rankanensis is endemic and widely distributed in the central ranRcs 
at median altitudes. This species grows at the highest altitude of any in Formosa. 

(16) Peristrophe, embracing 20 species, is found in the warm regions of the Old 
World extending from the Cape of Good Hope to Southeatcrn Asia with one species 
found as far north as Japan. Two species occur in Formosa, one of which rox- 
burghiana may be a naturalized one. 

(17) Rungia, a genus in the warmer parts of the Old World, contains 20 species. 
In Formosa there are two species of which R. taiwamnsis is an endemic one. 

(18) Semnostachya, containing 10 species, is distributed in Summatra, Borneo 
and Philppines. In Formosa there is one species being endemic. 

(*19) Staurogync contains about 80 species of which only one occurs in Formosa. 
The genus extends widely in Tropical Asia, Australis and Brazil. 

(20; Triaenacanthus is represented in Formosa by two species of which 7*. 
/lexicaulis is endemic. Besides Formosa, the genus occurs in India and Ryukyus. 

3. Geographical elements 

According to their geographical distribution, the Formosa species might be 
grouped into six elements: 

(1) Endemic elements: Species endemic are Goldfussia /ormosanus. IlyProphila 
pogouocalyx, Justicia ciliata. Kudoacanthus albo-ncrrosa, I.cpidagathis sicnophylla, 
Farachampionella rankanensis, Rungia laiwancnsis and Triaenacanthus ftcxicaulis. 

It seems self-evident that Goldfussia formosanus, Ilygrophila pogouocalyx and 
Justicia ciliata are neo-endemic species recently evolved in Formosa. Their deviation 
from parent stock is brought out by special edaphic, climatic or ecological factors. 
For instance, Ilygrophila pogouocalyx which is subjected to the maritime effect is 
very closely related to the non-endemic species. II. salicifolia. One of the criteria 
by which II. pogouocalyx can be distinguished from the latter is by the occurrence 
of dense hairs covering bracts and calyx. 

(2) Cosmopliton elements: Species of this group are Diptcracanthus repens, Jus- 
ticia procumbcns and Ilygrophila salicifolia. They are widely distributed over the 
northern and southern hemispheres extending from India to Malay, Burma, the Phi¬ 
lippines and Java. Widely distributed as they are, the latter two species show a large 
scale of diveresity which results in the forming of several varieties or even species. 

(3) India elements: The elements extend from India eastward into South China, 
Ryukyus and Formosa, but do not occur in the Philippines. The following species 
are described as of such a group: Codonacanthus pauciflorus, Dicliptcra chinensis, 
Goldfussia pcntstemonoidcs, Hcmiadclphis polysperma, Rungia chinensis, and Staurogync 
coucinnula. 

(4) Sino-Japonica element: Only Peristrophe japonica is attributed to this group. 
It is found in Japan, Korea and Central China. 

(5) East Asiatic elements: Species attributed to this group are: Hygrophlia 
lancea, Lepidagathis formosensis, L.inacqualis, and Triaenacanthus glandulifcra. Their 
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Maps A-I>: The distribution of the Family Aennthnecae. A: Baphicacanthus cusia ('ft), 
liltfhunt pyramid it urn (-tr <. C'donacantlius p lucifltorus <■>, Dicliptcra chine nsis (Q); B: Dipt era- 
canlhus repens (□>, Gtndarussia vulgaris 1 ■ . Gdd/ussia formosanus (•ft). G. pentstemonoides 
(★). C: Hemiadelphis polysprma (★'. llemigraphis cumingiana >■ . If. primulifolia (ft). H. 
replans (!*]); I>: Ilygrophila lam ea (□), II. pjgonocalyx M ■ II- salidfolia (it) Hypoestes 
cumingiana (A), II- purpurea (•ft). 
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Ma p s E-H: Th c distribution of the family Acanthaccac. E: Jiuiicia ettiata ( ★), J. procumbent 

var ‘ t yat V (AV J- (*); F 

(A). £ illfl n Leptdagathu formostnsts <■ . £ i„af„ualii (*). £. jrrwmfc 

roxburgiiiana *f n ( A ; l ^ r ^ ! - am P^ndla rankanensis Peristrofihe japmico ■ . /' 
Staurogvne rrn[ ,g lr c . hlH,ni,i ^ ■ • R iatwanensis < ★ , Seinnostachya longtspuatus (.) 

CT ' ,e c °mnnula O. Truienacanthus flexicaulis (A) 7\ gianduiifcra ( + ). 
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distribution ranges from Japan through Ryukyus to Formosa, but with the exception 
of H. lancca, the other two species mentioned above arc not widely distributed in 
the three regions. 

(6) Malaysian elements: Species belonging to this group arc llemigrapliis cumin- 
giuua, //. primulifolia, II. replans, Hypocstes Purpurea, II. cumingiana, Lepidugathis 
secunda, and Semnostachya longespicatus. They are mostly restricted to the southern 
part of the island including Is. Hsiaoliuchiu and Botal-Tobago. 

(JENERIC ANALYSIS OF TlfE ACANTHAOEOUS PLANTS 

The first comprehensive taxonomic treatment of the family was undertaken by 
Nees and Kscnb (J87-1). They divided it into two subfamilies, namely, Ancchniata- 
canlhcsc and Echmatacanthcsc based on the nature of the funicle. Each group, in 
turn, was separated into several tribes. The number of calyx segments, stamens, 
anther-cells, and seeds; and the nature of corolla whether bilabiate or infundibuli- 
form were all considered as criteria by which the tribes could be discriminated from 
one another. Bentham and Hooker in 1873 proposed to divide the family into five 
tribes and 11 subtribes. Although several tribes of Nees’, were reduced to subtribes, 
no great improvement was made. Lindau (1895). in his survey of the Acanlhaccac 
for the Pflanzanfamilicn. recognized four subfamilies and 16 tribes. Notable is the 
fact that lie took advantage of pollen patterns for grouping both subtribes and 
genera. His system is summarized and charaterized with regard to the Formosan 
genera as follows: 

1. Sa. co. Jaculatorcn papillenfiirmig.1. Nelsonioideae 

(1. Staurogyne) 

1. Sa. 2 co. Jaculatorcn hakcnfdrmig. 1. Acanthoidcac 

2. Deckurg der B. dcr Blkr. contort, (contortac) 

3. Kugeliger oder ellipsoidischer Kippcnpollcn. 

•I. Blkr. 2 lippig, Sa. ineist oo im Fach.IV. A. 3. Hygrophileac 

(21. Ilvgrophila ) 

I. Blkr. 5 teilig. Sa. 8 2 im Fach.IV. A. 5. Strobilantheac 

(38. Hcmigraphis, 12. Strobilanthcs) 

3. Wabcnpollcn. 

•1. Stb. moist 4, je 2 Stf. genjthert und herablaufend. Sa. » 2 im Fach. 

.IV. A. 6. Kuellieac 

(55. Kucllia) 

•I. Slf. frei. Sa. 2. selten I im Fach.IV. A' 7. Barlerieae 

(61. Lepidagalhis ) 

2. Deckung aufstcigcnd imbricat. (Iinbricatac) 

3. Spangcnpollcn und glatter Pollen.IV. B. 13. Pscudcranthemcac 

(107. Codanacanthus ) 

3. Nur Spangcnpollcn.IV. B. 14. Odonloncmeac 

(110. Merisi raphe, 112. Rungia, 113. Dicliptcra ) 

3. Knolchcnpollcn.IV. B. 16. Justicicac 

(166. Juslieia) 

In the foregoing system, tribes or genera are arranged progressively according to 
their affinity, to wit, the closer the generic numbers, the greater will be their simila¬ 
rity. 

During the last few decades many acanlhaceous plants have been the subjects 
of detailed pollen morphological studies, especially by Brcmckamp (1944) and Raj 
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(1961) who have suggested number of changes in the classification. 

For the present study, 14 genera are subjected to detailed analysis and compa¬ 
rison on the basis of as many characters as possible. The procedures the writers 
has followed were compiled by P. Legendre and 1). J. Rogers (1972) based upon 
the graph theory. Although very few materials, when compared with the whole 
family, were included, yet a meaningful result can be expected. 

CHARACTERS USED: Since the main purpose of the writers was to test a 
classification already produced by traditional taxonomic procedures, both anatomical 
features and those already known or believed to be of value in defining groups of 
species at the level of the genus were used. The anatomical characters of each 
genus were constructed based on a single or a few species on account of the high 
degree of intragencric uniformity and the scantiness of materials avaiable. All 
characters used were qualitative, being grouped respectively into two or more slates. 
The necessary property of the stales of any character being that as much as possi¬ 
ble, they be independent, so that one would be able lo say that any one genus falls 
in this slate, or not. In a few cases, certain items of information were unobtainable, 
then the character stale was labeled with NC (no comparison). 

List of characters, character states, and arithmetic codes, 

1. Inflorescence. (1) spicatc, (2) paniculate, (3) racemose, ( I) cymosc, (5) vertici- 
llate, (6) flowers solitary. 

2. Calyx. (1) deeply 5-parlitc, (2) 2-lipped with the upper lip 3-fid and the lower 
one 2-fid, (3) tubular. 

3. Corolla. (1) bilabiate-imbricatc, (2) personatc-contorled, (3) infundibuliform- 
contorted, (4) campanulate-imbricate. 

4. Stamens. (1) two, (2) four, didynainous, 

5. Stamens included. (1) yes, (2) no. 

6. Anther cells spurred. (1) yes, (2) no. 

7. Anther cells at equal level. (1) yes, (2) no. 

8. Pollen grains. (1) 3-porate, tectum with scabratc processes (2) 3-porale, leclnm 
with gemmate processes, (3) hcterocolpate. (4) hctcrocolpatc (parasyncolpate). 
(5) 2-porate, bilateral, (6) 3-colporatc, (7) 4-5-poratc, (8) hcterocolpate, bilateral, 
(9) 3-colpate. 

9. Stigma. (1) equally 2-lobcd, (2) unequally 2-lobed, (3) capitate, 

10. Capsule shape. (1) linear-cylindric, (2) conic, (3) clavate with a long-stalk, ( I) 
ovoid. (5) oblong. 

11. Dehiscing pattern of capsules. (1) the placentas with the retinacula raised 
elastically from the base of the capsule, (2) otherwise. 

12. Retinacula present. (1) yes, (2) no. 

13. Seed number. (1) 4 or few, (2) more than 4. 

14. Seed coat. (1) with mucilaginous hairs, (2) hairy, but not mucilaginous, (3) 
warty or striate, (4) nearly smooth. 

15. Cotyledon with albumin. (1) yes, (2) no. 

16. Cystoliths present. (1) yes, (2) no. 

17- Cystolith distribution. (1) only in epidermis, (2) in epidermis, cortex and pith. 

18. Shape of cystoliths in leaf epidermis. (1) one end pointed, (2) both end pointed, 
(3) both ends blunt, (4) variably shaped. 

19. Head of glandular hair. (1) 2-celIed, (2) pluriccllular. 

20. Stomata distribution. (1) on both leaf surfaces, (2) only on lower surface. 
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21. 1’alis.idc. (1) continuous through the midrib, (2) discontinuous. 

22. Shape of cyslolilhs in stem epidermis. (1) elongated with one end pointed, (2) 
short with both end blunt or nearly so. 

23. Stem cortex widely spaced. (1) yes, (2) no. 

21. Mature stem. (1) with fibers in secondary phloem, (2) with sclereids in cortex, 
(3) otherwise. 

25. Root cortex with lacunae. (1) yes, (2) no. 

20. Habit. (1) herbaceous, (2) suffrulescent, (3) shrubby. 

METHODS AND RESULTS: This method consist of two main steps. First, a 
similarity measure is calculated between all the pairs of genera in the study. Second, 
in decreasing similarity order, the genera that are similar fat least considered to be 
on the same level) arc connected into various clusters. The clusters become more 
and more inclusive as the similarity level drops and the procedure slops when all 
the objects form a single cluster. 

1. Similarity measure 

The similarity attributed to the pair of genera a and b will be the number of 
characters for which the same stales has been attributed to genera a and b, divided 
by the total number of characters. For those of NC case, the total number of valid 
comparisons is subtracted by the NC number. The similarity measures calculated 
between all the pairs of genera can be represented by the half-matrix shown in 
Table II. The other half of it is symmetrical. Then the similarity measures 
obtained will be arranged in decreasing order of similarity as in Table HI. 

2. Clustering procedure 

A cluster is a set of connection, and of genera which arc interconnected at any 
given level of similarity. It can be represented by placing the genera anywhere in 
a plane and drawing lines between the genera that arc interconnected at this level. 
The connecting lines arc shown as two types: a line is called external when it 
results in the addition of anew genus to the cluster, thus modifying the composition 
in the genera of the cluster; an interrnal connecting line is one that occurs at a 
given similarity level between two genera that were both already members of the 
cluster. It modifies only the composition in connection, by increasing the tightness 
of the connections within the cluster. 

The rsult of this linking process is a partition of the genera into equivalence 
classes. At high similarity values, there arc many clusters which become fewer 
and larger as the similarity value drop, finally attaining the point where there 
is only one cluster including all the genera. Consequently the relationship of 14 
acanihaccous genera can be shown by means of subgraphs (Fig. 23). 

DISCUSSION: Based upon the foregoing clustering procedure, several genera¬ 
lizations can be made: 

(1: A tioigia associated with Justicia at the first level (S-0.840) clearly conforms, 
without any hesitation, the proposal already made by Brcmckamp (1938) and Raj 
( 1961) from the palynological point of view that the genus Rungia with its bilateral, 
2-poralc pollen grains did not fit well in the tribe Odonloncmcac, instead a better 
place for it would be in the Justicieae. 

(2) Slrobilanthcs is one of those large genera that betray their arlificialncss by 
an uncommonly wide range of variability and by vague and disputable boundary 
lines. Although in his “Materials for a monograph of the Stobilanthinae" appeared 



Table II. The similarity measures calculated between all pairs of genera. 
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Tabic III. Ordered similarity ratios. The data of Table II. are arranged 
in decreasing order of similarity. 


Similarity values 

Pairs of genera similar at the given values 

440 

(Run.-Jus.) 

433 

(Gol.-Bap.) 

426 

(Per.-Die.l 

.792 

(Jus.-C.cn.), (Par.-Bap). 

.739 

(Hun.-Die.), (Kun-Gen.l 

.730 

(Par.-Gol.). (Par.-Hem.). (Ilyg.-llcm.) 

.720 

t (Lep.-Cod.), (Hcm.-Dip.) 

493 

| (Per.-Jus.) 

.680 

(Kun.-Per.), (Par.-Dip.), (Dip.-Cod.) 

467 

(Per.-Gen.), (Gcn.-Dic.), (Lep.-Hap.) 

455 

(Ilem.-Gol.) 

452 

(Jus.-Dic.) 

440 

(Hyg.-Dip). (Lep.-Gol.) 

425 

(Gen.-Cod.), (Ilem.-Ba|i.) 

415 

(Jus.-Cod.) 

409 

(Lep.-Gen.) 

400 

(Lep.-Dip.), (Lep.-Jus.), (l.ep.-lleni.) 

.583 

(Dip.-Bap.) 

.577 

(Per.-Cod.), (Per.-Gul.) 

.565 

(Dic.-Cod.) 

.560 

(Kun.-Lep.). (Kun.-Co<l.) (Par.-lap.). (tiul.-Dip.) 

.542 

(Cud.-Bap.) 

.539 

(Par.-Hyg.) 

.520 

(Per.-Lep.), (Per.-Dip.) 

.500 

(Gol.-Cod.), (llem.-Cod.), (Jus.-Bap.), (Par.-Cod.). (Pcr.-Bap.l. 
(Sta.-Lep.) (Sta.-Pea.), (Per.-Par.). (Jus.-Gul.) 

.480 

(Jus.-l)ip.), (Run.-Djp ) 

.478 

(Gcn.-I)ip.), (Dip.-Dic.) 

.458 

(Sta.-Cod.). (Sta.-Uem.), (Ilyg.-Uap.) 

.455 

(Gen.Bap.) 

.440 

(Lep.-Hyg.), (Run.-Hem.) 

.435 

(Gol.-Dic.), (Hem.-Dic.), (Lep.-Dic.) (Sta.-Dic.) 

.423 

(Hyg.-Cod.), (Ilyg.-Col.) (Jus.-llem.), (Par.-Jus.), (Pcr.-licm.) 

.417 

(Gol.-Gen.). (Sta.-Dip.), (Sta.-Gol.), (Sta.-Par.), (Run.-Bap.), 

(Sta.-Bap.) 

.400 

(Run.-Par.), (Kun.-Gol.) 

490 

(Par.-Dic.) 

475 

(Sta.-Jus.), (Par.-Gen.), (Hem.-Gcn.) 
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..148 | (Die.-Bap.). (Ilyg.-Dir.) 

.:MG (Per.-Hyg.) 

.1X1 (Sta.-ltyg.), (Sta.-Kun.) 

.:«» (Kun.llyg.) 

.:«w (Jus.llyg.) 

.272 (Sta.-Gen.) 

.250 (Hyg.-r.cn.) 

in 1944, Bremckamp created several new genera, e.g. liaphit at ant has and Paracham¬ 
pionclla (formerly Strobilanthes ), ncveriheless they still show an close adinily with 
Goldfussia (formerly Strobilanthes), being jointed mutually at S 0.730. 

(3) Gendarussa that has been placed always under the genus Jnsticia, form a 
cluster with it at 0.792. 

(4) Hemigraphis and llygrophila show a resemblance to the “ Strobilanthes complex”, 
being slightly greater than Dipteracanthus formerly pertaining to Rucllia) does. 
This agrees well to the Lindau's system. 

(f») Rungia, Dieliptcra, I’cristrophc, Gendarussa and Jnsticia attain their highest 
lightness represented by fraction "10/10’’ at S = 0.652, form unequivocally a natural 
group. 

(6) The association series among Lepidagathis, Codonacanthus and Dipteracanthus 
indicates that Codonacanthus is more similar to Lepidagathis than to Dipteracanthus. 
This coincides with Lindau's suggestion. 

(7) Although "Strobilanthes cmplex”, Hemigraphis, llygrophila, Dipteracanthus, 
Codonacanthus and Lepidagathis are associated as an isolated dustr at S = 0.640, 
nevertheless the fraction ”13/28“ clearly indicates their loose association. 

(8) Rungia, Jnsticia, Gendarussa, Peristrophe and Dieliptcra remain distinct until 
at S=0.625 when they become linked to Codonacanthus. 

(9) Although llygrophila form an external connection with Hemigraphis at as 
high a level as S = 0.730, it is without three connections with other genera until the 
level (S = 0.539) where it becomes linked to Parachampionclla. This is probably due 
to it being derived from a hydrophylic habit. 

(10) The genus Staurogync being treated under the subfamily Nelsonioideae in 
Lindau's system, remains isolated until the 25th level (S = 0.500) when it is linked 
to Perislrophc and Lepidagathis. At this level it is the only genus without at least 
three connections with other genera. Thus its peculiarity is very conspicuous. 

Finally, the way in which the results are presented makes it possible to arrange 
the 14 genera of Formosan Acanthaccac into two subfamilies, one of which is 
composed of two groups: 

Subfamily Nelsonioideae (1) Staurogync 

Subfamily Acanthoidcac 
Group 1. (2) llygrophila 

(3) Hemigraphis 

(4) Gold Jussi a 

(5) fiaphic acanthus 

(6) Parachampionclla 

(7) Dipteracanthus 

(8) Codonacanthus 

(9) Lepidagathis 
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Group 2. (10) 1‘cristrophc 

(11) Dicliptera 

(12) Gcndarussu 

(13) Justicia 

(14) Rungia 
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Fig. 42: Subgraphs showing cluster formation at 25 similarity values. The fraction shown on each arrow indicates the 

degree of connectedness of the cluster. (• --new external connection, .new internal connection,——connection 

previously formed.) 
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